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DAY/NIGHT HEADS-UP DISPLAY (HUD) 
PACKQROTTND OF THF TMVFV^fnvi 

Field of the Invention (T^cJbnfcaJ Firlffl 

The invention relates to visual display, and more particularly to a heads-up 
display apparatus and method for projecting a display of flight or weapons information 
to a pilot. 

Backprniinri 

Since man has flown aircraft, there has been a continual search to keep a pilot 
informed as to flight display information in addition to keeping his eyes on the flight 
path. In the early years, these two requirements were diametrically opposing. In recent 
times, head mounted displays and displays superimposed upon objects in the pilof s line 
of sight have proliferated. 

Many of the display systems use cathode-ray tube (CRT) construction attached 
to a helmet, or mirrored to a screen or similar device, for heads-up viewing by a pilot. 
Other known devices teach the use of fiber optic cables for carrying CRT images to a 
similar viewing device. However, CRT devices have many drawbacks, such as their 
weight and bulk. Additionally, CRT systems are very expensive. Some of these prior 
art systems are described below. 

U.S. Patent No. Re. 28,847 to Vizenor refers to a light emitting source, but 
describes no other source than a low light level television (TV) system which is a CRT 
device. The disclosed device is for superimposing an image on a helmet or helmet 
mounted device. There is no disclosure of a means for creating a display. 

U.S. Patent No. 3,945,716 to Kinder teaches a CRT display apparatus and a fiber 
optic cable for transmission of an image onto a holographic lens. The device is affixed 
25 on a pivoting arm above a pilot's head. 

U.S. Patent No. 3,940,204 to Withrington describes another CRT system in 
conjunction with a holographic lens. 

U.S. Patent No. 4,269,476 to Gauthier et al., discloses a helmet mounted display 
system utilizing a CRT and a spherical mirror. 

U.S. Patent No. 3,833,300 to Rymes describes an aiming system for projectiles 
using a CRT, fiber optic bundles and a visor in the form of two parabolas. 
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U.S. Patent No. 3,958,235 to Duffy discloses a system similar to Uptoa et al., 

except reeds are used instead of fiber optic eables. 
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element. 

The preferred method for displaying an image comprises the steps of providing « 
plurality of light sources, providing a mirror for receiving light from the light sources 
and reflecting the light, rotating the mirror, synchronously energizing the light sources 
from a symbol generator, monitoring a rotation state of the rotating mirror and reporting 
the rotation state to a control of the symbol generator, and projecting the reflected light 
from the rotating mirror onto a surface. 

The preferred step of providing a plurality of light sources comprises providing 
light emitting diodes. 

The preferred step of providing a mirror comprises providing a polygon. The 
step of providing a mirror alternatively comprises providing angled facets. The step of 
providing a mirror can also comprise providing a multifaceted sphere. 

The preferred step of monitoring a rotation state of the rotating mirror and 
reporting the rotation state to a control of the symbol generator comprises providing a 
light emitter and light detector. The step of monitoring a rotation state of the rotating 
mirror and reporting the rotation state to a control of the symbol generator alternatively 
comprises measuring electro-magnetic signals from a motor for rotating the mirror. 

The preferred method further comprises the step of controlling a speed of 
rotation of the rotating mirror by the symbol generator. 

The preferred step of projecting the reflected light comprises collimating the 
light through a lens. The step of projecting the reflected light also comprises displaying 
the reflected light on a surface and allowing ambient light to pass through. The preferred 
25 surface for displaying comprises a combiner element. 

A lso disclosed is an apr affltusfordisplaying an image comprising structure for 
mounting^ combiner ejemgjitj^^ a pluraHty rf ^ 

sources in a linear array, a rotating mirror for receiving light from the light sources and 
reflecting the light at predetermined angles of reflection, a symbol generator for 
synchronously energizing the light sources, a feedback structure for monitoring a 

rotation state of the rotating mirror and rp™rh\,„ _ , „ .. 
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BRIEF BESCBIEIIQM QE ™r m awakes 
The accompanying drawings, which are incorporated into and form a part of the 
specification, illustrate several embodiments of the present invention and, together with 
the description, serve to explain the principles of the invention. The drawings are only 
5 for the purpose of illustrating a preferred embodiment of the invention and are not to be 
construed as limiting the invention. In the drawings: 

Fig. 1 schematically illustrates the preferred apparatus and method of the present 
invention; 

Fig. 2 illustrates the preferred feedback apparatus; 
Fig. 3 illustrates the preferred "see through" glass surface; 
Fig. 4 shows a typical display generated by the invention; 
Fig. 5 is a perspective view of an alternative embodiment of the rotating mirror; 
Fig. 6 is another alternative embodiment of the rotating mirror; and 
Fig. 7 shows the invention mounted on an aviator's helmet. 

PraCRymON OF THE PRF^lTPPirn FJvTBOn^Tvrrc 
i\U±> Tfaeheads-upd ispjav apparatus and method of the present invention comprise 

hardware components, providing to a pilot the ability to view information such as 
navigational data images or weapons data images within the immediate field of view of 
a pilot In addition, the apparatus is "see through" so a pilot can see the display image in 
20 addition to the background scene. 

The preferred display is r^^^toM^sh^. helmet or other structure in 
The preferred apparatus and method are depicted in Fig. 1 The 
dashed lines in Fig. 1 indicate light paths. The display image is created by an array of 
^visible light sources such as a linear array of light emitting diodes (LEDs) 10. The 

preferred LED array 10 is mounted to a substrate in a linear fashion. In the preferred 
1) embodiment, 128 LEDs are used for LED array 10; however, different numbers of 
LEDs can be used, as well as different configurations. 

Mirror 12 is mounted adjacent to the LED array 10 and is driven by a motor 14, 
or other device well known in the art. The preferred mirror 12 is polygonal-shaped with 
^each facet at a similar angle. Thejightfrom^^ 

„ no\<^ ^~ 12 ' which » rotatin g ^ that the angle of reflection 46 of the light «ff ~e *. ~; 

\ surfaces is continuously changing. The individual LEDs are strobed in a synchronous 
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He mirror rotation and LED strobe are controlled by display generator 22, 
5 eomprising a computer or other known symbol generator*, which generates vdeo 
in^es.Thesy.clnx.nizationofro^ntirrornandthesttobedLEDa.s 

ro «ion and LED strobe are controlled by a symbol general computer 22 winch 

He display Ughtiscnllir Mt ed«hro«ghalens24 to createthe appearance of commg 

from infinity. ^ , t v,„ 

The display quality is controlled by the revolotions per minute 0M> of me 
15 motorthatrotates polygon mirror ,2 cooperatively with me strobing of me LEDs^The 
preferred RPM is approximately 600 RPM and the preferred strobe rate is approximately 

80 Hz. 

To coordinate mirror 12 rotation and me suobing of the individnal LEDs, 
^rnmmtionis monitored and controlled by a feedback apparams 16. The 

Lnnouslyermuabeammmi^n. nghtisrene^orfntirrorUontoahg, 
ae^gapparams^suehaaammsistorde^u, As mirror 12 rotates, die an,eof 

25 aadsynehmnizesLEDarmylOinformationwimd.eromtionofrnh.orn. y 
Active feedback apparatuses 16, snch as mechanical counters or electro- 
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felement 56 which is coated with a selectively reflective optical coating 54. The use of 
|such coatings is well known in the art. The preferred coating material 54 reflects light 
in the bandwidth of the LEDs to enhance the reflection of the display light while 
allowing ambient light to pass through. In this embodiment, the user can see the 
5 combined display symbology and the background scene. 

Alternative embodiments for mirror 12 can also be utilized. The display size can 
be increased by changing the angle of every other facet of mirror 12 with respect to the 
drive shaft angle of the motor as shown in Fig. 5. Thus, the reflected light from the 
strobed LEDs 10, off the angled facets, would create a larger display. The display size 
is proportional to the angle of the facets. As shown in Fig. 6, another alternative 
embodiment is for niirror 12 to comprise a spherical surface with multiple facets at 
predetermined angles to increase the display pattern for a fixed number of LEDs. In 
these alternative embodiments LED array 10 can consist of fewer individual LEDs. 
Additionally, different color LEDs can be positioned for reflection on certain facets for 
15 color displays. 

Fig. 4 shows a typical display symbology 28 generated by the preferred 
embodiment as seen by the pilot 

Fig. 7 illustrates the preferred mounting position of a display unit 30 mounted to 
an aviator's helmet 32. The display combiner element is positioned such that the display 
symbology is centered in the user's field of view 34. The display 30 is fastened with an 
adjustment mechanism 36 to allow positioning for individual preference. The 
adjustment mechanism 36 can be a ball 40 and socket 42 mounted to an attachment 
arm 38. The ball 40 is allowed to pivot in the socket 42 until alignment is obtained and 
then secured with a set screw or the like. The attachment arm 38 can be flexible to 
25 allow final adjustment 

The display unit 30 can also be mounted to a night vision imaging system by 
directing the reflected symbology into the objective lens of the night vision system (not 
shown). 

This invention has been described herein in considerable detail in order to 
30 comply with the Patent Statutes and to provide those skilled in the art with the 
information needed to apply the novel principles and to construct and use such 
specialized components as are required. However, it is to be understood that the 
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invention is no. restricted to «he particular embodiment that has been descnbed and 
illustrated, but can be carried out by specifically different equipment and devrces, and 
to various modifications, both as to the equipment details and operating procedures, 
be accomplished without departing from the scope of the invention itself. 
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Variations and modifications of the present invention will be obvious no those skilled in 
equivalents. The entire 
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CLAIMS 

The embodiments of the invention in which an exclusive property or right is 
claimed are defined as follows: 

1 . An apparatus for displaying an image, comprising: 
a plurality of light sources; 

rotating mirror means for receiving light from said light sources and reflecting said 
light; 

symbol generator means for synchronously energizing said light sources; 

feedback means for monitoring a rotation state of said rotating mirror means and 
reporting said rotation state to a control of said symbol generator means; and 

means for projecting said reflected light from said rotating mirror means onto a 
surface. 


2. The invention of claim 1 wherein said plurality of light sources comprises light 
15 emitting diodes. 

3 . The invention of claim 1 wherein said rotating rnirror means comprises a 
polygon. 

20 4. The invention of claim 3 wherein said rotating mirror comprises angled facets. 

5 . The invention of claim 1 wherein said rotating mirror means comprises a 
multifaceted sphere. 

25 6. The invention of claim 1 wherein said feedback means comprises a light emitter 
and light detector means. 

7. The invention of claim 1 wherein said feedback means comprises an electro- 
magnetic feedback means from a motor for rotating said rotating mirror means. 


30 


8. The invention of claim 1 wherein said symbol generator means comprises a 
means for controlling a speed of rotation of said rotating rnirror means. 
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9. The invention of claim 1 wherein said means for projecting said reflected light 
comprises a collimating lens. 

5 10. The invention of claim 1 wherein said surface comprises a surface that displays 
said reflected light and also allows ambient light to pass through. 

11. The invention of claim 1 1 wherein said surface comprises a combiner element. 


10 


12. A method for displaying an image, the method comprising the steps of: 

a) providing a plurality of light sources; 

b) providing a mirror for receiving light from the light sources and 

reflecting the light; 

c) rotating the mirror; ■ 

15 d) synchronously energizing the light sources from a symbol generator; 

e) monitoring a rotation state of the rotating mirror and reporting the 
rotation state to a control of the symbol generator; and 

f) projecting the reflected light from the rotating mirror onto a surface. 


20 


13. The method of claim 12 wherein the step of providing aplurality of light sources 
comprises providing light emitting diodes. 

14. The method of claim 12 wherein the step of providing a mirror comprises 
providing a polygon. 

15. The method of claim 14 wherein the step of providing a mirror comprises 
providing angled facets. 

16. The method of claim 12 wherein the step of providing amirror comprises 
30 providing a multifaceted sphere. 
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1 7. The method of claim 12 wherein the step of monitoring a rotation state of the 
rotating mirror and reporting the rotation state to a control of the symbol generator 
comprises providing a light emitter and light detector. 

5 1 8. The method of claim 12 wherein the step of monitoring a rotation state of the 
rotating mirror and reporting the rotation state to a control of the symbol generator 
comprises measuring electro-magnetic signals from a motor for rotating the mirror. 

1 9. The method of claim 12 further comprising the step of controlling a speed of 
1 0 rotation of the rotating mirror by the symbol generator. 

20. The method of claim 12 wherein the step of projecting the reflected light 
comprises collimating the light through a lens. 


15 


20 


21. The method of claim 12 wherein the step of projecting the reflected light 
comprises displaying the reflected light on a surface and allowing ambient light to pass 
through. 

22. The method of claim 21 wherein the surface comprises a combiner element. 


23. An apparatus for displaying an image, comprising: 

means for mounting a combiner element in the field of view of an observer; 
a plurality of light sources in a linear array; 

rotating mirror means for receiving light from said light sources and reflecting 
25 said light at predetermined angles of reflection; 

symbol generator means for synchronously energizing said light sources; 

feedback means for monitoring a rotation state of said rotating mirror means and 
reporting said rotation state to a control of said symbol generator means; and 

means for projecting said reflected light from said rotating mirror means through 
30 a collimated lens and onto said combiner element. 
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24. The invention of claim 23 wherein said means for mounting a combiner element 
comprises affixing said combiner element to a helmet. 

25. The invention of claim 23 wherein said means for mounting said combiner 
5 element comprises affixing said combiner element to night vision goggles. 

26 An apparatus for displaying an image, comprising: 

a combiner element comprising a glass surface coated to enhance reflected light 
while allowing ambient light to pass through; 
1 o mounting said combiner element on a helmet; 

128 light emitting diodes in a linear array; 

a rotating polygon mirror for receiving light from said light emitting diodes and 
reflecting said light at predetermined angles of reflection; 

a symbol generator for synchronously energizing said light emitting diodes m a 

15 selected partem; 

a feedback structure comprising a light emitter and light detector for momtormg 
a rotation state of said rotating polygon mirror and reporting said rotation state to a 
control of said symbol generator, and 

a collimating lens for projecting said reflected light from said rotating polygon 

20 minor onto said combiner element. 
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